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REMARKS 



The specification has been amended to correct errors of a typographical and 
grammatical nature. Due to the number of corrections thereto, applicants submit herewith a 
Substitute Specification, along with a marked-up copy of the original specification for the 
Examiner's convenience. The substitute specification includes the changes as shown in the 
marked-up copy and includes no new matter. Therefore, entry of the Substitute Specification 
is respectfully requested. 

The abstract has also been amended to more clearly describe the features of the 
present invention. 

Also submitted herewith is a proposed amendment to the drawings, wherein Figs. 12, 
14, 20 - 41 have been amended at this time. Upon receipt of the approval of the amendment 
to the drawings and receipt of a Notice of Allowance, the proposed drawing corrections will 
be effected in accordance with present practice. 

Entry of the preliminary amendments and examination of the application is 
respectfully requested. 

To the extent necessary, applicant's petition for an extension of time under 37 CFR 
1 .136. Please charge any shortage in the fees due in connection with the filing of this paper, 
including extension of time fees, to Deposit Account No. 01-2135 (501 .40560X00) and 
please credit any excess fees to such deposit account. 



Respectfully submitted, 




Alan^EfSchiavelli 
Registration No. 32,087 



ERRY, STOUT & KRAUS, LLP 




DRA/AES/jla 
(703)312-6600 
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INVENTI ON 
CRYSTAL Dl SPLAY 



BACKGROUND OF THE INVENTION 
(jR ELD OF THE INVENTI <m) 

The present invention relates to a liquid crystal 
di sp I ay de vi ceQjandjpa r t i c ul ar I y, ^ t o a I i qu i d cr y st a I di splay 
device^made of] a liquid crystal display panel and a backlight 
disposed on the back side of the liquid crystal display pane I . 

(background art} w 

A liquid crystal display dev ic e y\ n c I ud es a (ves seTJ^made 
of t ran spa re n t su bst r a t es di sp osed / t o be op pos ed to ea ch other 
with a liquid c ry s ta I y\ nt e rp os ed therebetween, and multiple 
pi xe I s f or me d in the [Spreading d i r e c t i o n)j of the liquid 
cr 



ys t alj^. 



Nn this case, each of the pixels only has the function 
of controlling the amount of light being transmitted thr ough 
the liquid crysta^Qand does no t^ emit light [In itseljj. For 
this reason, ordinarily, a backlight is disposed on the back 
side of the liquid crystal display panel. 

This backlight is providedwith not only a light sou rce^ 
but also a diffusing sheet and a reflector in order to (jhake}**^*^ 
(uniform) the irradiation of light onto the liquid crystal 
di sp I ay pa ne 1^. 



light source uses a cold-cathode fluorescent tube 
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(CFL) having a length approximately equal to the lengthof 
one side of the liquid crystal display panel, and is made to 
function as an i I I um in ant by a voltage beingapplied to each 
of the electrodes formed toproject from th e opposi te en ds 
of the t ub e. « — > 



^However, in the liquid crystal display device having 
such a construction, the life of the light source is not 
sufficient, and it is no exaggeration to say that the life 
of the liquid crystal display devi ce is determined by the life 
of the I ig ht so ur c e. 

Specifically, during the lighting of t he. co I d-c a t ho de 
fluorescent tube, an electrode substance inside the tube is 
sputtered, and the electro de subs tan ce sticks to the tubewall. 
This (it uck) e I ec t r ode substance can be recognized as a black 
su bs t an ce [af)/th e outside of the t ube. 

Mhe electrode substance which is stuck to the tu be wall 
is alloyed (forms an amalgam) with mercury in the tube, and 
the consumption of mercury leads to the end of the life of 
the cold-cathode f lu or esc ent t ube. 

SUMMARY OF THE IN VENTI ON 

The invention has been made in view of the above- 
described pr obi em s, and an object of the invention is to 
provide a liquid crystal display device [I h^l i f e [of wh ic h can) 



\£e_ I eng the ne dj. 



Another object of the invention is to provide a liquid 
crystal display device in which it is possible to narrow an 
area called a picture frame (the area bet we en the outline of 
the outer frame of the liquid crystal display device and the 
outl ine of i ts di spl ay part) . 

Representative aspects of the invention disclosed 
herein will be described below in brief. 

A liquid crystal display device according to the 
invention includes, for example, a liquid crystal display 
panel having a display part in its central por t i on (exc ep tj^i ts 
pe ri phe ry^an dabacklight disp osed on a back side of the liquid 
crystal display panel. The backlight includes a discharge 
tu be ha v in g e I e ct rod es jafj at I east / i ts op po s i t e e nd s , an d the 
electrodes aredisposedat the exteriorof the discharge tube. 
The opposite end portions of the discharge tube where the 
respective electrodes are disposed are positioned to be 
superposed on the periphery of the liquid crystal display 
panel, and are be n t [wi tfi^an angle with respect to the central 
axis of the discharge tube. 

In the liquid crystal display devi ce constructed in this 
manner, the electrodes of the discharge tube which serves as 
a light source are disposed at the exterior of the discharge 
tube; that is to say, the electrodes are no t formed inside 
the discharge tube. Accordingly, mercury in the discharge 
tube is not consumed by these electrodes, whereby it is 



po ss i bl e t o^(Ten gthen the life of t he) I i gh t sou rc ^. 

The opposite end portions of the discharge tube where 
the respective electrodes are disposed are positioned to be 
superposed on an a re a other than the display part of the liquid 
cr ys tal di sp I ay pane l(7j an d are ben t jw i t^an angl ewith respect 
to the central ax,i s of the discharge tube. Accordingly, it 
is possible to na r ro w^[an) a re a j(cal I eff) a picture frame. 

In the case o f Qh ej^con s tr uct io n in which the electrodes 
of the discharge tube are disposed at the exterior thereof, 
it has been confirmed that the discharge effect of the 
discharge tube can be enhanced by increasing the width of each 
of the electrodes along the axial direction of the discharge 
tu be 
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Accordingly, in a case where the portions of the 
electrodes are positioned to be superposed onQhe^area other 
than the display part of the liquid crystal display panel./) 
without being bent, the width occu pied by the area (c^ I led a)^ 
picture frame becomes large. However, this disadvantage can 
be solved by .adopting the above-described construction. 

[Co nt r ar i ly^ f in a casewhere it is not necessary to narrow 
the width of the area of the picture frame, by bending the 
opposite end portions of the discharge tube where the 
respective electrodes are disposed, it is possible to 
increase the lengths of the opposi te end portions, and hence 
it is possible to increase the width of eachof the elect rodes. 
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Accordingly, it is possible to enhance the discharge effect 
of the discharge tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Th e invent ion will bee o me mo re rea d i ly ap pr eci at ed and 
understood from the following detailed description of 
preferred embodiments of the invention when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 i s [an equivalent c i rc ui T}|d i ag ra m showing one 



embodiment of the liquid crystal d i spl ay (de v ic c^acc o rd in g to 
th e i nv e nt io n ; 

Fig. 2 is an exploded perspective view showing one 
embodiment of the liquid crystal display device according to 
th e i nv e nt io n ; 

Fig. 3 is a plan view showing one embodiment of a pixel 
of the liquid crystal display device according to the 
in ve n ti on ; 

Fig. 4 is an exploded perspective view showing one 
embodiment of a back light of the liquid crystal display device 
according to the invention; 

Fig. 5 is a perspective view showing one embodiment of 
a light source to be incorporated into the backlight of the 
liquid crystal display device according to the invention; . ' 

Figs. 6A and 6B are cross-secti ona I vi ews/show in g^c ross 
sections of a discharge tube which constitutes the light 



source of the liquid crystal display device according to the 
in ve n ti on ; 

Figs. 7A to 7C are graphs showing the illuminance 
distribution of the light sourceof the liquid crystal display 
device according to the invention; 

Figs. 8A and 8B are a plan view and a c ro ss -s ect i on a I 
view^ showing on e e mb od i me n t of the backlight of the liquid 
crystal display device according to the invention; 

Fig. 9 is a graph showing the relationship between the 
frequency of apower source and theaverage illuminanceof 
the backlight of the liquid crystal display device according 
to the i nv en t io n ; 

Fi g. 10 is a pe rs pec ti ve view show i ng one em bo di men t of 
a resin frame of the liquid crystal display device according 
to t he i nv en t io n ; * 

Fig. 11 is [an exp I an at o ry^vi ew showing one embodiment 
of a hi gh- f r equ en cy po wer so ur ce boa rd d i sp ose d o n t he reverse 
side of the resin frame of the liquid crystal display device 
according to the invention; , rri i 

Fig. 12 is ajiview (Including fivers ide views showing the 
construction of an assembly of the liquid crystal display 
device according to the invention; 

Fig. 13 is a cross-sectional view showing another 
embodiment of the liquid crystal display device according to 
th e i nv ent io n ; 



Figs. 14A to 14 C ar e^exp I an at o ryj v i ew s^ sho w in g other_^^^ 



embodiments of the light source of the liquid crystal display ^-'*~\ f^f 

device according to the invention; . . /) \^ CJP^~\) 

jju^v ^ j^v^uw J^^ 1 ^ 0 ) /a ^ f2 ^^^ / j ) />*r^ 
Figs. 15A and 1 5B ar e (vje w^sh owin g the construction of 

an ot her em bo d im en t of t he ba ck I igh t unit of th e liquid c r ystal 

display device according to the invention; . 

Fig. 16 A, 16 B and 16Care(explanatoryv ie wS^sh ow i ng the 
advantage of the embodiment shown in Figs. 15A and 1 5B ; 

Fig. 17 is a graph showing the advantage obtained by 
increasing the lengths of the electrodes of the discharge 
tu be ; 

Fig. 18 is a graph showing the advantage obtained by 
increasing the lengths of the electrodes of the discharge 

Fig. 19 is a\vj ew^sh owing the equivalent circuit of the 
discharge tube which causes a discharge; - A 

Fig. 20 is a a (co ns t ru ct i on] vi ew^ showing another 
em bo d im ent of t he ba ck I i g h t unit of the liquid c rys t a I d i splay 
device according to the invention; . * rt 

Fig. 21 is a (co ns t ru ct i on] vi ew ^ showing another 
em bo d im ent of t he backlightunit of the liquid c rys t a I di splay 
device according to the invention; inn 

Fig. 22 is a /\(co ns t ru ct i on] view^ showing another 
em bo d im ent of t he ba ck I ig h t un i t o f the liquid c rys t a I d i splay 
device according to the invention; 



Fig. 23 is a/ (co ns t ru ct i onj view ^ showing another 
em bo d im ent of the ba ck I ig h t un i t o f the liquid c rys t a I d i splay 
device according to ^the invention; ^^tXA^W"^**"" 

Fig. 24 is a A (co ns t ru ct i on) view ^ showing another 
em bo d im ent of the ba ck I ig h t un i t o f the liquid c ry s t a I d i splay 

device according to ^^ention; ^ p^^^^I?^^^ 

Fig. 25 is a ^£co ns t ru ct i onj vi ew^ showing another 
em bo d im ent of t he ba ck I ig h t un i t o f the liquid c r ys t a I d i splay 
device according to the invention; . A . _ i,.,^ 

Fig. 26 is a (co ns t ru ct i oS| vi ew^ showing another 
embodiment of the back light unitof the liquid crystal di splay 
device according to the invention; x ^ . . on a t ^ 

Fig. 27 is a j [co ns t ru ct i on] vi ew ^ sho w i ng an ot her 
embodiment of the back light unitof the liquid crystal di splay 
device according to the invention; . ^ i^rr? i 

Fig. 28 is a |^ojis t ru ct i on) view/^ showing another 
em bo d im ent of t he ba ck I ig h t un i t o f the liquid c r ys t a I d i splay 
device according to the invention; t . i-,<ip , JL>,wu^-> 

Fig. 29 is a ^(construction) vi ew^ showing another 
em bo d im ent of t he ba ck I ig h t un i t o f the liquid c r ys t a I d i splay 
device according to the invention; . ^ A A 

Fig. 30 is a ^(co ns t ru ct i on) view ^showing another 
em bo d im ent of t he ba ck I ig h t un i t o f the liquid c r ys t a I d i splay 
device according to the invention; . _ . . fl 

Fig. 31 is a ^(cons t ru ct i onj vi ew^ showing another 



em bo d im ent of t he ba ck I igh t unit of the liquid c ryst a I d i splay 
device according to the invention; A 

Fig. 32 is a ^ (co ns t ru ct i on} vi ew j showing another 

em bo d im ent of t he ba ck I ig h t un i t of the liquid c rys t a I d i splay 

device according to the invention; \ <~ * a a 

Fig. 33 is a ^[cons truct ion/ view^ showing another 

embodiment of the back light unit of the liquid crystal di splay 
device according to the invention; 

Fig. 34 is aji (co ns t ru ct i oF[ view showing another 
em bo d im ent of a d i sc ha rge tu be to be prov id ed in th e bac k I ight 
unit of the liquid crystal display device according to the 
in ve n f i ori; Y . . 

Fig. 35 is a |(co ns t ru ct i on) view^ showing another 

em bo d im ent of the ba ck I igh t un i t of the liquid c rys tal d i splay 

device according to the invention; . * 

pJ^v F^Y>1>^^ sJ 56 (Wr ^Jh u^u-o 

Fig. 36 is a >(co ns t ru ct i on} view^ showing another 

embodiment of the back light unitof the liquid crystal di splay 
device according to th e i n ve nt i on ; . . fl, 

Fig. 37 is a j (co ns t ru ct i on] view^ showing another 

em bo d im ent of t he ba ck I ig h t un i t of the liquid c rys t a I d i splay 
device according t.o the invention; . _ ^ . n 

Fig. 38 is a ^(co ns t ru ct i on} view^ showing another 

embodiment of the back light unit of the liquid crystal display 
device according to th e . i n ve nt i on ; 

Figs. 3 9{X an d 3 9B are con s t r uc t ionj v i e w| sh owi ng an o ther 



em bo d im e nt o f a d i sc ha rge tu be to be p r ov id ed in th e bac k I ight 
unit of the liquid crystal display device according to the 
invention^ ^ ^ ^ty^v xiXu^t^fc^ <^U/>o joud^ 

Fig. 40 is a ^jcb ns t ru ct i on) view showing another 
embodiment of a discharge tube to be provided in the backlight 
unit of the liquid crystal display device according to the 
in ve n t i ori; a nd . , A 

Fig. 41 is a /(construction) view^ showing another 
embodiment of the back light unitof the liquid crystal di splay 
device according to the invention. 



DETAILED DESCRIPTION Of~ 71+€ p4era^£b £vv\SoDt 

Preferred embodiments of a liquid crystal display 

deviceaccordingto the invention will be described belowwith 

reference to the accompanying drawings. 
Em bo d i m e n t 1 o 

uy^^^ [<E qu i va I en t Circuit of Liquid Crystal Display DeviceM 

Fig. 1 is an equivalent circuit diagram showing one 

embodiment of a liquid crystal display (device)} according to 

th e i nv e nt io n . F i g. 1 is a ci rcui t d i agr am wh ic h i s dep i cted 

^ ijk| X^o^lJ c^p^fcM X^^JU^ oP 
to correspond to an actual geometrical arrangement^. 

In Embodiment 1, the invention is applied to a liquid 

crystal display device (jd opt ing)^a so-called in-plane- 

sw i t c hi ng mo d e^ wh i ch i s*,know n [as a^moa e hav i ng^ a wide viewing 

an gl e. 
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[Tn)Fig. l£ there is shownjp liquid crystal display panel 
1(7 This liquid crystal display panel l]jhas a(vessel made^of 
transparent substrates 1A and IB disposed/to be opposed to 
each other with a liquid c ry st a I ^i n t er pos ed therebetween. In 
this case, oneof thetransparentsubstrates (in Fig. 1 , a 
lower substrate: the matrix substrate 1A) is formed to be 
si ightly larger in size than the other transparent substrate 
(in Fig. 1, an upper substrate: the color filter substrate 
1B).^As shown in Fig. 1, the transparent substrates 1A and 
IB are disposed in such a manner that the bottom and right 

me p 



peripheral edges of one of the transparent substrates 1A and 
IB 



approximate! yj(coi nc i de) wi th tho s e of t he ot he rj. -^-p 



^Accordingly, as viewed in Fig. 1, the left and top 
peripheries of the transparent substrate 1A are disposed/to 



(be) ex te ndftV outwardly from those of the other transparent 
substrate 1B. As will be described later in detail, the 
portion of the transparent substrate 1A that [Is disposed to] 
e) e x te ndttll outwardly from the tra nsparent substrate 1B is 



us ed as an area in whi ch the gate driver circuits 5 an d d rain 
driver circuits 6 are mounted. 

Pixels 2 are disposed inmatrix form in the area in which 
the transparent substrates 1A and IB are superposed on each 
other. Scanning signal lines 3 are di spo se d At o (be) ext en dH 
in the x direction and to be juxtaposed inthe y direction 
as viewed in Fig. 1, while video signal lines 4 are di sp osed^ 

11 



to [be) ex te nd Iff in the y direction and to be juxtaposed in the 



x direction asviewed in Fig. ij^a ndj.The re spe ct i ve pi xe I s 
2 are formed in a r ea s^eac h (of which is} su rr oun de d by adjacent 
ones of the scanning signal lines 3 and adjacent ones of the 
video signal lines 4. Each of the pixels 2 is provided with 
at least a switching element TFT to be driven by the supply 
of a scanning signal from one of the adjacent scanningsi gnal 
lines 3, and a pixel electrode to wh ic h [app I yj a video signal 
(to b ^supplied from one of the adjacent video signal lines 
4 via this switching element TFT. 

In Em bo d im en t 1 , eac h 0 f t he p i xel s 2 is of th e t yp e which 
adopts the so-called i n-p I an e- swi t ch in g mode^as described 
above, and is also provided with a counter electrode and an 
added capacitance elementjin addition to the switching 
element TFT and the pixel electrode, as will be described 



later 



^Each of 



the scanning signal lines 3 has one end (in Fig. 



1, the I ef t e nd) Qhs po sed to bejjex t end^ to th e out side of 
the transparent substrate IBfTjand is connected to the output 
terminal of the correspondingone of the gate driver circuits 
(I Cs) 5 mounted on the transparent substrate 1A 



C, 



-In this case, plural gate driver circuits 5 ar e jd i s pose^, 
and mutual ly adjacent ones of the scanning signal lines 3 are 
gr ou ped an d eac h 0 f th e grou pe d sc anni ng si gna I lines 3 is 
connected to the proximate one of the gate driver circuits 
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Si mi I ar I y, each of the vi deo si gna I I i nes 4 ha s one end 
(in Fig. 1, the t op en d) (Bjs po s ed Ato 1 ie^ext end^fw to th e outs ide 
of the transparent substrate 1B[]and is connected to the 
ou tp u t terminal of t he co r re sp ondi ng one of t he d ra i n dr i ver 
circuits (IC) 6 mounted on the transparent substrate 1A 

^-Tn this case, plural drain driver circuits 6 are 
^jcTi spose dj, an d mutual ly ad j ac en t on es of the vi de o s i gn a I I ines 
4 are grouped and each of the grouped video signal lines 4 
is connected to the proximate one o f (fhe)Aco r re sp ond i ng one 
of the drain driver circuits 6. 

Acontrol circuit board 1 0 ((a cont r o I circuit board 10)] 
is disposed in proximity to the liquid crystal display panel 
1 on which the gate driver circuits 5 and the drain driver 
circuits 6 are mounted in the above-described manner, and a 
control circuit 12 for supplying input signals to the gate 
driver circuits 5 and the drain driver circuits 6 is mounted 
on the con tr o I ci rcu it bo ard 1 0^ in add i ti on to a power supply 
circuit 11 and others.-— r> 



^Signals from the control circuit 12 are supplied to the 
ga te dr i ve r c i r cu i ts 5 an d the dra i n d r i v er ci rc u i t s 6 via 
flexible printed wiring boards (agate circuit board 15, a 
drain circuit board 16A and a drain circuit board 16 B) . 

^Sp ec i fically, a flexible printed wiring boa rd (the gate 
circuit bo ard 1 5)^ wh ic h is providedwith terminals oppositely 
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co nn ect ed to th e i np ut te rmi na I s o f th e r es pec ti ve gat e d river 
ci rc u i t s By s arr ang ed on th e s ide of the ga te driver ci r cui ts 
5- 

A portion of the gate circuit board 15 is f o rm ed/toQ>e) 
ex te ndftlff to the cont ro I c i rc ui t bo ard 10, and th e ga te c i rcui t 
board 15 is connected to the control circuit board 10 via a 
connecting part 18 at the extended portion. 

MTi e output signals from the control circuit 12 mounted 
on the con tr o I c i r cu i t bo ard 1 0 ar e in put te d to JTheJ re sp ective 
gate driver circuits 5 via interconnection layers on the 
control circuit board 10, the connecting part 18 and 
interconnection layers on the gate circuit board 15- 
Th e drain circuit boards 16A and 16B^each of which is 
provided with terminals oppositely connected to the input 
terminals of the respective drain driver circuits 6^ are 
disposed on the side of the drain driver circuits 6. 



^-Portions of the drain circuit boards 16A and 1 6B are 
fo rm ed Ato [be^ ex te ndftl tot he control circuit board 1 and 
are connec ted to the control circuit board 10 vi a conn ec t ing 
parts 1 9A and 1 9B at the extended portions, respectively. 

The output signals from the control circuit 12^ moun t ed 
on the control circuit board 10^are inputted to the drain 
ci rc u i t bo ar ds 16 A and 16 B v ia the i nt e rc on nec ti on I ay er s on 
th e con t ro I c i r cu i t bo a rd 10 , the respective con nec ting parts 
19A and 19B, and interconnection layers on the respective 
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drain circuit boards 1 6A and 1 6B. 

d ra i n ci rcu i t bo ar ds 1 6A and 1 6B on the si de of the 
drain driver circuits 6 are provided as two se pa r at e c i r c ui t 
boards, as shown in Fig. 1. This is intended to prevent, for 
example, harmful effects caused by thermal expansion due to 
an i ncr eas ev i n th e x d i re c t i on of Fig, Kin th e I en gth of ei ther 
of the drain circuit boards 16A or 1 6B^ wh i c h (acc omp ani elj^an 
increase in the^size of the liquid crystal display panel 1. 

The output signals from the control circuit 12 mounted 
on the control circuit board 10 are inputted to the 
correspondingdrain driver circuits 6 via the connecting part 
19 A of t he drain c i r cu i t b oa rd 16A and the con ne c t i ng pa r t 
1 9 B of the drain circuit board 16B . -> 



^In addition, a video signal is supplied from a video 
signal source 2 2 to the control circuit board 10 through a 
cable 23 via an interface circuit board 24, and is inputted 
to thecontrol circuit 12 mounted on thecontrol circuit board 
10. 

In Fig. 1, the liquid crystaldisp lay pan el 1 9 the gate 
ci rc u i t bo ar d 15, th e d ra i n ci r cui t bo ard s 1 6A and 1 6B and 
the con tro I c i r cu i t bo a rd 10 are s hown (tit) be)jpos i ti oned in 
approximately the same plane. Actually, the control circuit 
bo ard 10 is b en t at a portion where the gate circuit board 
15 and the drain circuit boards 16A and 1 6B are mounted, and^> 
is positioned at approximately right angles to the liquid 
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crystal display panel 1 . ' 

^Th is co nst ru c t i on is intended to reduce the area of [a)i^ 
so-called frame. The term frame ^used herein means the area 
between the outline of the outer frame of the liquid crystal 
di sp I ay de vi ce an d the ou 1 1 i ne of its d i s pi ay pa r ^ an d)J?y 
reducing thisjarea, it is possible to obtain the advantage 
of increasing the area of the display partwith respect to 
th e outer f r ame . 

[[MODULE OF LIQUID CRYSTAL DISPLAY DEVI CElJ 
Fig. 2 is an exploded perspective view showing one 
embodiment of a module of a liquid crystal display device 
according to the invention. 

The liquid crystal display device shown in Fig. 2 
includes major parts^such as a liquid crystal display panel 
mo du I e 400 , a bac k I i gh t unit 3 0 0, a re s in f ram e 500 , an i nside 
frame 700 and an upper frame 800, all of which are assembled 



in a (mo dul e)|f or m. ^ 



^-1 n c i den t a I ly , in this embodiment, a reflector which 
constitutes part of the backlight unit 30 0 is formed at the 
bottom of the resin frame 50 0. The resin frame 500 and the 
ba ck I igh t un i t 30 0 a re di f f i cu I t to p hysi ca I ly d i st i ngui sh 
from each other, but can be functionally distinguished as 
described above. 

Hh es e members will be described below in order. 

(aiQUID CRYSTAL DISPLAY PANEL M0DU LET] 
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This liquid crystal display panel module 40 0 includes 
the liquid crystal display panel 1, the gate driver ICs 5 and 
th e d ra i n dr i ve r I Cs 6 wh i ch are r espe c t i ve I y ma de of pi u ral 
semiconductor ICs mounted on the periphery of the liquid 
crystal display panel 1, and the flexible gate circuit board 
15 and drain circuit boards 16 (16 A and HB)^ which are 
connected to the corresponding ones of the driver ICs 5 and 
6. 



^Spec i f 



^ Sp ec i f i cal ly , t he ou tp u t f ro m t he control c i rc ui t board 
10|i(FcP)be described later in/detail^is inputted to the gate 
driver ICs 5 and the drain driver ICs 6 on the liquid crystal 
display panel 1 via the gate circuit board 15 and the drain 
ci rc u i t bo ar d s 16 A and 16 B, re spec t i ve I y, and th e ou tp ut s from 
the gate driver ICs 5 and the drain driver ICs 6 are inputted 
to the corresponding ones of the scanning signal lines 2 and 
the video signal lines 3 of the liquid crystal display panel 
1. 

The liquid crystal display panel 1 has a display area 
pa rt wh i ch is mad e^of multiple pixels disposed i n matr ix form, 
as described above, and one of these pixels is shown in Fig. 
3. 




Referring to Fig. 3, the scanning signal lines 3 and 
counter voltage signal lines 50 are f o r me d/v t o ex t en dtfifl in 
the x direction on the main surface of the matrix substrate 
1A. As shown in Fig. 3, the area which is surrounded by the 
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signal lines 3 and 5 0, as wel I as the video signal lines 4, which 
are f or med ^ to ^e) ext en d£ in the y direction^ as will be 
described later, is formed as a pixel area. +^ 

^ In o t he r wor ds, in this em bo dim en t , the counter vol tage 
signal line 50 is formed to run between the adjacent scanning 
si gn a I lines 3, and pi xel ar eas ar e re spect i ve ly fo rme d t o 

extend in the ±y directions from the counter voltage signal 
I i ne 50 . 



With this construction, it is possible to reduce the 
number of the counter voltage signal lines 50 juxtaposed in 
the y direction to approximately half of the conventionally 
required number, whereby it is possible to assign the areas 
occupied by the counter voltage signal lines 50 to the pixel 
areas and increase the total area of the pixel areas. 

In each of the pixel areas, for example, three counter 
electrodes SOA^which are disposedxto (b e) ex t e nd^# in the y 
direction^are formed at equal intervals integrallywith the 
counter voltage signal line 50. These counter electrodes 50A 
are not connected to^but extendJQp to positions close tOjthe 
scanning signal line 3, and two outside ones of the counter 
electrodes 50A are disposed adjacent# to the respective 
video signal lines 3 [and); the remaining one is positioned in 
the center between the two outside ones. 

Furthermore, an insulating film made of, for example, 
si I i con ni tr i de \fj Im) i s f o rm ed to co ve r t he sc an n i n g s ig nal 

18 



tines 3, the counter voltage signal lines 50 and the counter 
electrodes 50A on the main surface of the transparent 
substrate 1A on which these scanning signal lines 3 and the 
like are formed in the ab o ve -d escr i bed manner. This 
insulating film functions as an interlayer insulatingfi lm 
for insulating the video signal lines 2 (to be described 
later) from the scanning signal lines 3 and the counter 
voltage signal line 50, andAalso functions as a gate 
insulating film for the thin film transistor TFT and as a 
dielectric film for a storage capacitor Cstg. 

On the surface of the insulating film, a semiconductor 
layer 51 is for me d in an a re a inwhich the thin film transistor 
TFT is formed. This semiconductor layer 51 is made of, for 
example, amorphous Si, and is formed to be superposed on the 
scanning signal line 3 in a portion close to one of the video 
signal lines 2^wh i ch will be described later. Thus, part of 
the scanning signal line 3 serves as thegate electrodeof 
the thin film transistor TFT. 

The video signal lines 2 whi ch [jare) extendi in the y 
di re c t i o n an dju ux t ap os e d in the x d i re c t i on are f or med on the 
surface of the insulating fi lm. Each of thevideosignal li nes 
2 is integrally provided with a drain electrode 2A which is 
formed/to (be) extendfiW to a portion of the surface of the 
semiconductor layer 51 which constitutes the thin film 
tr an s i s t or T FT. 
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Furthermore, a pixel electrode 53^which is connected to 
a source electrode 53A of the thin film transistor TFTj i s 
formed on the surfaceof the insul ating film in the pixel area. 
This pixel electrode 53 is formed|to extend in the y direction 
in the center between each of the counter electrodes 50A. 
Specifical ly, one end of the pixel electrode 53 also serves 
as the source electrode 53A of the thin film transistor TFT£7% 
^an <f)The pixel electrode 5 3 Q s) exte ndjtft in the y direction 
to wa r d t he coun te r vol t ag e signal I i ne 50 [and ' i^k fu r th er 
extend** in the x direction along the counter voltage signal 



line 50, and (Is) again extended? in the y direction so as to 
fo rm a C-l ik e s ha pe. 

The portion of the pixel electrode 53 which is . 
superposed on the counter voltage signal line 50 co n s t i t u tes^ 
the storage capacitor Cstg^ which u ^^| the^^|v e-d escri be d 
in su I at i ng f i lm[as its dielectric f i Im7j/j n the region be tween 
the pixel elect rode 53 and the cou ntervoltage signal line 
50^. The storage capacitor Cst g (se r ves^th e effect of storing 
video information in the pixel electrode 53 for a long time, 
for example, when the thin film transistor TFT is off. 

♦ 

The surface of the semiconductor layer 51 which 



corresponds to the interface between the drain electrode 2A 
and the source elect rode 5 3A of the thin fi Im transistor TFT^ 
is doped with phosphorus (P) to form a high-concentration 
layer, thereby providing ohm ic contact at each of the drain 
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electrode 2A and the source electrode 53A. The high- 
concentration layer is formed on the entire surface of the 
se mi con due to r I ay e r 51 , and af t er the d ra i n el ec t ro des 2 A and 
the source electrodes 53A have been formed, these electrodes 
2A and 53A are used as a mask to etch the h i gh -c one ent rat ion 
la ye r^ exce ptA th e a re a whi ch])the electrodes 2A and 53A are 
formed, thereby forming the above-described construction. 

Then, a protective film made of, for ex am pie, silicon 
ni tr i de (fMm) is f o rm ed on th e uppe r su r fa ce of the i ns ul a t i ng 
film on wh ic h t he thin film tr ansi s tor s TFT , t he v i d eo si gnal 
lines 2, the pixel electrodes 53 and the storage capacitors 
Cs tg are formed in the above-described manner, and an 
alignment film is formed on the upper surface of the 
pr ot ect i ve f i lm£) to constitute a so-called lower substrate 
of the liquid crystal display panel 1. 

Althoughnot shown, ablackmatrix (denoted by refer ence 
numeral 54 in Fig. 3)^ which has apertures in portions 
corresponding to the respective pixel areas^is formed in a 
I i qu i d- c ry st a I- si de portion of the transparent substrate 
(color f i I te r sub s tr at e) IB^which constitutes a so-called 
up pe r s ubs tr a te . 



^Fu rthermore, color filters are formed to cover the 
apertures formed in the portions of the black matrix 54 which 
correspond to the respective pixel areas. These color filters 
have colors which differ between adjacent pixel areas in the 
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x direction, and the respective color filters have boundaries 
on the black ma tr ix 54. 

A flat f i I m mad e of re sin fi Im or the like is formed over 
the surface onwhich the black matrix 54 an d the color filters 
are formed in this manner, and an alignment fi Im is formed 
on the surface of the flat film. 

(Tbackli ghtT) 

The backlight unit 300 is disposed on the back side of 
the liquid crystal display panel module 400.-*^ 

t ^Th is ba ckl ig h t un i t 30 0 is a so-ca I I ed di re c t backl i ght ; 
an d^ i nc I ud es , as shown in detail in Fig. 4, plural (in Fig. 
4, eight) linear light sources 35 d i sp ose d^t o (be) ex t en d6H in 
the x direction and to be juxtaposed in the y direction in 
su ch a man ne r as to be sp ace d equa I I y a pa rt f r om on e ano t her, 
and a reflector 36 for irradiating the liquid crystal display 
panel module 400 with light from these light sources 35. 

This reflector 36 is formed in a shape which is wavy in 
the juxtaposition direction (y direction) of the light 
sources 35. Specifically, the reflector 36 has concave 
po rt i on s^ eac h of which is arc-shaped in cross section, at 
lo ca t io ns wh e re the re spe c t i ve light sour ce s 35 a re di sp osed, 
and convex po rt io ns^ ea ch of which is slightly acute between 
adjacent ones of the light sources 35, whereby the reflector 
36 has a shape capable of efficiently irradiating the liquid 
cr ys tal di sp I ay pane I mod u le 400 w i th light f r om a I l^t he I ight 
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sources 35. 

In this ca se , t he re f I ect o r 36 has s id e wal I s 37 pr ovided 
along opposite sides perpendicular to the longitudinal 
direction of the light sources 35, and the opposite ends of 
each of the light sources 35 are fitted i n (The} co rr esp on d ing 
on es of si its 3 8swhi ch are form ed in the side wa Ms 37, whereby 
the [tj^a vel s))o f the^ light sources 35 in the juxtaposition 
direction thereof are restricted. 

Each of the light sources 35 includes a discharge tube 
35a and, for example, six electrodes fitted on the periphery 
of the discharge tube 35a^and^ the se electrodes are spaced^ 
a predetermined distance apart from one another along the 
axial direction of the discharge tube 3 5a.— 

MEa ch of the electrodes is made of, for example, a 
ring-shaped aluminum foil, and the discharge tube 35a is 
inserted through the rings of the respective electrodes. In 
Embodiment 1, means for securing each of the electro des to 
th e d is cha rge tub e 3 5a is ab se n t, wher eby t he po s i t i on of each 
of the electrodes with respect to the discharge tube 35a can 
be corrected to a small extent in the axial direction thereof. 
The advantage of this construction wil I be described later 
in d e ta i I. 

The electrodes of each of the light sources 35 are 
re sp ect i ve ly co nn ect ed to th e corr espo ndi ng el ec t ro des of the 
adjacent one by conductive lines so that some of the 

23 



el ec t ro des are gr oun de d and (th e ot her one s)ja re supp I ie d wi th ( 
electricity. In other words, the light sources 35 are; 
connected [hi parallel with one another) so that they are 
supplied with electricity^. 



Fig. 5 is a perspective view showing the detailed 
construction of one of the light sources 35. As sh own i n Fig. 
5, ground-side electrodes 35 d are provided at approximately 
the middle of the di scharge tube 35a and at the opposi te ends 
thereof, a nd hi gh -vo 1 1 age -si de electrodes 35c are provided 
between (th os e)|g ro u nd -s i de electrodes 3 5d. 

^Th e gro und-s i de e I ec tr ode 35 d.whic h is po si t io ne d a t the 
middle of the discharge tube 3 5aj i s [ma d ejjof two e le c tr od es 
which are electrical ly separated from each other, and the two 
el ec t ro des of eac h of the di sc harg e tu bes 3 5a ar e resp ect i vely 
co nn ect ed to th e cor re spo ndi ng ele c t ro des of the ad j ac en t one 
by conductive lines, and the conductive lines are connected 
to each other and are grounded. 

Fig. 6A is a cr os s-s ec t io nal view showing the 
construction of the discharge tube 35a, and Fig. 6B is a 
cr os s -sectional view taken along line b-b of Fig. 6A. A glass 
tube 35 p has a cylindrical sha pej[c I ose d at its opposite ends 
(for example, 2.6 mm in outer diameter, 2.0 mm in inner 
diameter, and 390 mm in length), and the inner wall surface 
of the glass tube 35p is coated wi th a phosphor 35q. A Ne+Ar 
(5%) mixed gas having a gas pressure of 60 Torr and mercury 
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are sealed in the glass tube 3 5p. 

In the case of the light source 35 having the above- 
described co nst ru c t i on (as^ sh ow n in Fig. 5, when, for example, 
a sinusoidal high-frequency voltage of several MHz (1.5 MHz 
or more) and approximately 800 Vp-p is applied to the 
hi gh -vo I ta ge -si de electrodes 35c, j^d i sc har ge is generated in 
the discharge tube 35a, and ultraviolet rays generated from 
the discharge strike the phosphor 35q to generate visible 
I i gh t . 

In this case, the discharge is generated between the 
ground-side electrode 35d (1) and the h i gh -p res su r e-s i de 
el ec t ro de 35 c (1 )^ a s we I I as be twee n th e h igh-p re ssu re-s i de 
electrode 35 c (1 ) and the ground-side electrode 35d(2)^as 
viewed from one end of the discharge tube 35a, and between 
the ground-side electrode 35d(3) and the h i gh-p r ess u re -s i de 
electrode 35c(2)^as well as between the high-pressure-side 
electrode 35 c (2 ) and the ground-side electrode 35d(3)^ as 
viewed from the other end of the discharge tube 35a. 

In this case, since a not the hi gh-v o I ta ge-j>j de 
electrodes 35c ^ bu t the ground-side electrodes 35d^are 
re sp ect i ve ly di sp o se d at t he oppos i t e end s of th e d i sc ha r ge 
tube 35a, the efficiency of discharge can be increased. The 
reason for this is that^if the hig h-v o I ta ge -s i de electrodes 
35c are respectively disposed at the opposite ends of the 
discharge tube 35a, only high-frequency electric fields 
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generated on one side (on a si de adjacent to the ground-side 
electrode) contribute t o / d i s ch a rge , and high-frequency 
el ec t ri c fie Ids gene ra ted on t he o t her si de s (on th e opp o si te 
end sides of the discharge tube 35a) are wasted. In other 
words, the waste of energy can be prevented by disposing the 
ground-side e le ct r od es 35 d on the opposite sides of each of 
the h ig h-v ol t ag e- s id e electrodes 35c, whereby it is natural 
to adop t [Fhe)fcco ns t ru ct i on in which the respective ground- 
side electrodes 3 5 d are disposed at the opposite ends of the 
di sc har ge tu be 35 a. 

As described above, the ground-side electrode 35 d 
disposed in the middle of the discharge tube 35a i s [ma de)n of 
|he\two electrodes 35d (2) and 3 5d ( 3 ) which are electrically 
separated from each other. 

Mhe reason for this is thatyf the ground-side electrode 
35 d is made of one electrode instead of two electrodes which 
are electrically separated from each other, there may occur 
the phenomenon that a strong discharge is generated between 
the ground-side electrode 35d and either one of the h i gh - 
voltage-side electrodes 3 5c ( 1) and 35c (2) which are disposed 
adjacentfe to the ground-side electrode 3 5d . 



^Fo r this reason, the ground-side electrode disposed 
be tw een th e h ig h- vol ta ge- s id e e lec t r od es i s co ns t i t u te d b y 
separate electrodes wh ich are r esp ectively paired with the 
hi gh -vo I ta ge -si de electrodes, wher eby/vuni fo rm discharge can 
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be effected. 

Figs. 7A to 7C show data indicative of the axial 
distribution of the illuminance of the light source 35 
constructed in the a bo ve- des cr i bed manner. > 



By way of example, Figs. 7A to 7C show the case of a 
39 0- mm- I on g d is ch arge t ub e 3 90 hav i ng e le ct rod es di spo se d as 
shown in Fig. 5. r? 



Figs. 7A, 7B and 7C show the case of 800 Vp-p , the case 
of 9 00 Vp-p and the case of 1, 000 Vp-p, respectively."^? 



Gu i 



As is apparent from these graphs, approximately uni form 



illuminance can be obt a i n ed^ ex c ept / por t io ns close to the 
re sp ect i ve e I ec tr ode s. 

Fig. 8A is a plan view showing the backlight unit 300 
observed from the side where the liquid crystal display unit 
40 0 i s d is po s ed . Fig. 8B is across-sectional v i ew ta ke n along 
I i ne b-b o f Fig. 8 A. 

In the area of the backlight unit 300 that is opposed 
to at least the liquid crystal display unit 400, eight light 
sources 35. wh i c h [a re") I i ne a r I y extendi in the x direction as 
vi ew ed in Fig. 8A^ar e j ux t ap os ed/t o be sp ac ed at ne ar I y equal 
intervals in they direction as viewed in Fig. 8A. Light 
from the light sources 35 is irradiated onto the liquid 
crystal display unit 400 directlyor by being reflectedby 
the reflector 36, whereby the backlight unit 300 serves the 
function of a surface light source. 
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A, 

In this ca se , there may be a risk t hat/, I i gh t i rr adi a t ion 
be co mes no n- uni f o rm in th e r eg i on be tw een ea ch of t he ad j acent 
I i gh t sour ce s 3 5 and in t he re g ion s wh e re the re s pe c t i ve I ight 
sources 35 are formed. This disadvantage can be fully solved 
by a reflector 60 / di sp ose d/^ to be interposed between the 
backlight unit 300 and the liquid crystal display unit 400. 



Nn this case, the reflector 60 need not necessarily be 
limited to the aforesaid type of reflector, and may use any 
kind of means that can ma k e [un i f or m} th e illuminance of light^ 
irradiated onto the liquid crystal display panel 1 from the 
back I ight unit 30 C^. 

Fig. 9 is a gra ph sh ow i ng th e r el a t i on s hi ps be tw een the 
frequency of a power source and the average illuminance 
obtained through the reflector 60 in each of the examples 
sh own in Figs. 7 A , 7B and 7C . As is appa re n t f r om this graph, 
as the frequency is increased, the average illuminance is 
im pr o ve d . 

As described above, [according to t he^back I i ght unit 300 



As? 



constructed in this manner, in each of the light sources 35, 
([t s^eHe c tr od es are disposedfto be fitted] on th e/per i ph er y of 
£t s)/d is cha rg e tube, that is to say, the electrodes are not 
formed in the discharge tube, whereby the mercury inside the . } 
tube can be prevented from being consumed owing to^these 



e I ec t ro d es 



^-Accordingly, it is possible to lengthen the life of the 
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light sources 3 5j a nd^ i t is, therefore, possible t o Qjnp ro v W^fi^ 
the life of the liquid crystal display device. 

In addition, as described above, the ground-side 
electrodes 35d and the hi gh- vo I tag e-s i d e electrodes 35 c of 
each of the light sources 35 can be moved with respect to the 
di sc har ge tu be 35 a i n t he ax ia I di rect i on t h er eo f , w he re by 
by moving th ose e I ec tr ode s 3 5d and 3 5c to a s I ig ht e xt en t , 
it is possible^to make jh e} adj u stm en t (o f making uni f or m)jthe 
illuminances between the h ig h- vol t age-s i d e electrodes 35 c 
and the ground-side electrodes 35d of each of the light 
sources 35^|^and],Xt is, therefore, possible to obtain (th e]j^ 
backlight unit 30 0 having a uniform surface illuminance. 



(Ires in frameTJ 



TtuW re sin frame 500 constitute^ part of the outer f rame 
of the liquid crystal display devicetassemb I ed inafmodule) m^^^v 
form, and/is constructed to accommodate the backlight un it 



30 0. 




b (th e)resin frame 500 has the shape of a box having a bottom 
and sides, and a diffusing sheet (not s ho wn )a d i s pos ed to cover 
th e bac k I i gh t unit 3 00 ca n be^fpjac ed] on the uppe r ends of the 



si de s. 

e 

Th|H» reflector has the functionof diffusing light f rom 
ea ch of th e light so ur ces 35 of th e backl ig h t un i t 3 00 , whereby 
uniform light having even brightness can be irradiated onto 
the liquid crystal display unit 40 0. 

29 



Q\\)jthis construction, the resin frame 500 is formed to 
be comparatively small in wall thi ckness. This is because 
th e r es u 1 1 an t dec r ea se in th e mech anical strength of the res i n 
f r am e 500 ca n be compe nsa t ed for by th e i ns i de f ram e 700^which 
will be described later. ^* — N 



M n ci d en t a I ly , a h i gh -f r eq uen cy pow er source board' (for 
ex amp le , an AC/ AC in ve r te r) 40 for sup p ly in g a h i gh -f r eq uency 
voltage to the light sources 35 can be secured to the back 

side of the resin frame 5 00- ^—-^ 

r — ; 

v Connecting I i ne syexi en dif from the h i gh-f re que nc y power 
source board 40 are connected to the h i gh -v o 1 1 ag e-s i de 
electrodes 35c and the ground-side electrodes 35 d of each of 
th e light so u rc es 35 . 

Fig. 10 is aj^vi ew showing the reverse side of the resin 
frame 500, that is, the side of the resin frame 500 opposite 
to the side where the backlight unit 3 00 is disposed 



As is apparent from Fig. 10, the resin frame 500 has 
projecting parts 500Awhich are formed to extend along the 
sides of the resin frame 500 that are parallel to the x 
direction as viewed in Fig. 10. 

Sp ec i f i cal ly , t he re s i n f r am e 500 is f o rm ed so that each 
of a pair of opposite sides (the sides parallel to the x 
direction) has a side portion 500B^whi ch extends to the back 
side of the res in frame 500 as viewed from the observation 
side of the liquid crystal display device. 
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^jvXV^h e rea son for th i s is th at it [jjs^poss i bl e to ob tai n the 
advantage that the resin frame 500 can be imparted/a strengthA 
against twists due to reverse rotational forces on the 
diagonal lines of the res in frame 500, and it is alsopossible 
to impart sufficient strength to a case constituted by the 
combination of the resin frame 500 and the inside frame 700^ 
which will be described later. 

As will be apparent from a later description, each of 
th e p ro j ec t i ng pa r ts 50 OA is f o rme d to be (Ta rg er)/ i n he ig h t 
that the high-frequency power source board 40, so that the 
projecting parts 5 00 A are comparat ively large. As descri bed 
above, the control circuit board 10 is disposedjto be closely 
opposed to one of the side portions 500B (actually, with the 
inside frame 70 0 interposed therebetween). 



Accordingly, it is possible to provide the advantage 
that the control circuit board 10^which is complicated in 
circuit co ns t ru ct i on^ may be constructed as a large-sized 
ci rc u i t bo ar d . 



< ~7n this case, the control circuit board 10 also has the 
advantage of having an el ect ro magn e t i c -w a ve shielding 
function, because the inside frame 700 is present between the 
liquid crystal display unit 40 0 and the control circuit board 
10. 

Incidentally, in this embodiment, the respective 
projecting parts 500A are provided on the sides parallel to 
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the x direction, but (a/S)jnot limited to [thi s)ja rr angeme nt . It 



go es wi t ho ut sa y i ng th a t ^eve n if the p r oj ec t in g par t s 50 OA 
are provided on the other sides parallel to the y direction, 
it is poss ib I e to ob ta i n s im i I a r a d van t ag es . 
[[HIGH-FREQUENCY POWER SOURCE BOARD]} 
Fig. 11 is a view showing the high-frequency power 
so ur ce boa rd 40 d i spos ed on th e re vers e s id e of the resin frame 
50 0. 

■This high-frequency power source board 40 is provided 



wi th tr ans fo rme'rs 71^ the n urn be r of whi ch is eq ui val ent to the 
number (in this embodiment, eight) of the light sources 35 
of the backlight unit 30 0 . 

^However , the transformers 71 need not necessarily be 
disposed so that the number of the transformers 71 is 
equivalent to that of the light sources 35. It goes without 
saying that one transformer may be allocated to a set of two, 
four or eight light sources. 

Th e h ig h-f re que nc y pow e r source board 40 is disposed via 
the shield s hee t 7 2^wh i ch is made of a me ta I and/ se cur ed to 
the reverse side of the resin frame 500, and an aperture 72A 
is provided in a portion ofthe shield sheet 72 (aportion 
approximately equivalent to the area in which the high- 
frequency power source board 40 is mounted). This is because 
it is necessary to prevent eddy currents from occurring in 
the shield sheet 7 2 owing to the transformers 71 , and a I so 
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because interconnection layers are formed on the high- 
frequency power source board 40 and the high-frequency power 
source board 40 itself has a shielding function. 

The DC/AC inverter board 40 secured in this manner, 
inclusive of its mounted components, has a height which does 
not allow any of them to project from the projecting parts 
50 OA of the resin frame 5 0 0. -*^> 

Nnothe r words, the projecting parts 50 OA of the resin 
frame 500 are set to be so high as not to allow the high- 
frequency power source board 40 including the mounted 
components to project from the projecting parts 500A of the 
re s i n f r am e 500 . 

[[MS IDE FRAMeT] 

The inside frame 700 is disposed between the liquid 
crystal display unit 400 and the diffusing sheet (not shown). - 



< ~This inside frame 70 0 is made of a metal plate which is 
comparatively thin in wall thi ckne ss and ha s an ape r tu re 42 
formed in aportion equivalent to the display area partof 
the liquid crystal display unit 40 

^-Th e inside frame 700 has the function of pressing the 
diffusing sheet against the resin frame 500 and the function 
of en ab ling the liquid crystal display unit 40 0 to be mo un ted 
on the i ns id e f ra me 70 0 . 

Spacers 44 for positioning a liquid crystal display 
panel 100 are secured to part of the upper surface of the 
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inside f ra me 70 0 on wh i ch th e I iqu i d c r ys ta I display unit 400 
is to be mounted. Owing to these spacers 44, the liquid 
crystal display panel 100 can be accur a te ly po si t io ned with 
respect to the inside frame 70 0. 

The inside frame 700 has the shape of being formed 
integrally with sides 46, that is, the shape in which the 
aperture 42 is formed in the bottom of the metal plate having 
an approximately box-like shape.-*--, 



the resin frame 500 with the diffusing sheet interposed 
therebetween. In other words, the inside frame 700 is placed 
in the resin frame 500 so that the inside walls of the sides 
46 are respectively opposed to the outside walls of the s ides 
of the r es i n f r am e 5 00 . 

The metal-plate inside frame 700 constructed in this 
manner constitutes one frame (case) together with the resin 



frame 500, andAcan improve the mechanical strength of the 
resin frame 500 without increasing the wall thickness 
th er eof . 

^Th at is to say, even if the inside frame 70 0 and the resin 
frame 5 00 are not sufficient in mechanical strength, their 
mechanical strength is improved by fitting the inside frame 
700 into the resin frame 500 in the ab o ve -d esc ri bed manner, 
whereby the case has a s t r en gt ag a i ns t twists about the 
di agona I lines. 




i s shape is fitted into 
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In addition, the projecting parts 500A formed on the 
resin frame 500 serve to increase the mechanical strength 
against twists about the diagonal lines of the case. — — 3 



^Ac co r d i ngl y, it is possible to obtain the advantage of 

nil 

ensuringa sufficient strength without enlarging [a);so-c a I led 
picture frame/in the module of the liquid crystal display 
de vi ce. — ^ 

Qn addition, as compared with an approximately planar 
frame having no sides, the inside frame 700 in itself becomes 
large in mechanical strength, and has the advantage of 
becoming easy to handle during jjT) proce s s A ^pr i or to the 
assembling of the module. 

Incidentally, in this embodiment, the control circuit 
bo ar d 1 0 and th e DC/ DC co n ve rt e r boa rd 11 are di spo sed on part 
of the sides 46 of the inside frame 70 0>(lji the state oTjbelttig 
opposed to each other. In other words, the control circuit 
board 10 and the DC/DC converter board 11 are disposed 
pe rp end i cu la r ly to t he I i qui d c rys t a I d is pi ay pa n el mo du I e 
400, whereby the picture frame can be reduced in si ze. 

^n this case, the control circuit board 10 is connected 
via the connecting parts 18, 19Aand 19B, respectively, to 
the flexible gate circuit board 15, drain circuit board 1 6A 
and drain circuit board 16B secured to the liquid crystal 
display panel module 400, and the drain circuit board 16A and 
drain circuit board 16B are bent to form the a bo ve-d es cr i bed 
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ar ra nge men t. 

Incidentally, in this construction, as described 
pr ev i ou s ly , the i nf I ue nee of e I ect r oma gne t i c wav es gen er a ted 
from the control circuit board 10 on other members can be 
prevented by the sides 46 of the inside frame 700. 

In the a bo ve descriptionofEmbodiment 1, reference has 
been made to a box-l ike shape as the shape of the inside frame 
70 0, bu t t he sh ap e o f t he in s i d e f r ame 70 0 n ee d not be a perfect 
box-like shape and may also be a shape having a side formed 
on at least one side. -^-^ 



has bent portions to constitute a structure which has a 
mechanical strength improved by the bent portions. 



The upper frame 800 has the function of pressing the 
I i qu i d c ry st a I di spl ay pa nel modul e 40 0, th e i ns i de f r am e 700 
and the diffusing sheet against the resin frame 500, and 
constitutes the outer frame of the module of the liquid 
crystal display device together wi th the resin frame 5 00 . 

Mh e upper frame 800 is made of a metal plate having an 
approximately box-like shape, and an aperture (display 
window) 48 is formed in the portion of the metal plate that 
is equivalent to the display area part of the liquid crystal 
display panel module 400. The upper frame 800 is secured to 
the resin frame 5 00, as by engagement. 




e inside frame 700 is not planar, but 
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e upper frame 800 also has the function of a shielding 
material. 

(Tassembly of the abo ve -de scr i bed componenTsT\ 

Fi gs. 12^sh owf an ass em b ly of thecomponents shown i n Fig. 
2. The central view of Fig. 12 is a plan view showing the 
assembly viewed from the s id e w her e the upper frame 80 0 is 
disposed, while^the right, left, top and bottom^views of Fig. 
12^(£re side views seen from the respective directions}. 

As is apparent from the right and left views of Fig. 1^ 
the high-frequency power source board 40 disposed on the 
reverse side of the resin frame 50 0 is disposed without 
projecting from the si des of the upper frame 800 (that is,^a* 
in an unobservable state). ^~^n 



As is a I so appa re nt fr om the r i ght and left vi ews of Fig. 
12p the resin frame 50 0 has aC-like cross-sectional shape 
owing to the projecting parts 500A. 

As desc r ib.ed pr ev i ou si y, the resin f rame 50 0 ha s a I arge 
(re^si s ti ng} st r en gt h^aga i ns t twists due to reverse rotational 
forces on the diagonal lines of the resin frame 500. 
Embodiment 2o 




embodiment of the liquid c ry st a Kd i s pi ay device according to 
th e i nv ent io n,j^wh i ch is i mpr ov ed/^o_n th e bas i s of), f o r ex ample, 



the construction of Embodiment 1 



^-Fi g. 13 is a cross-sectional view of the assembly of the 
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I i qu i d c ry st a I di spi ay de v ic e, tak en a I on g t he y di rec ti on 
(the di r ec ti on pe rpe nd i cu I ar to the longitudinal direction 
of the light sources 35). 

The construction of Embodiment 2 differs from that of 
Em bod iment 1 in that^o n t he si de o f th e back I i gh t un it 3 00 
that faces the liquid crystal display panel unit 400, a 
diffusing sh eet 5 0 i s d is pos ed to cove r t he backlight un i t 
30 0, and an e led romagnet ic shield sheet 51 is disposedon 
the side of the diffusing sheet 50 that faces the liquid 
crystal display panel unit 400. 



^Th is el ect ro mag ne t ic shield sheet 51 is a shield sheet 
for blocking electromagnetic waves generated from the light 
sources 35 of the backlight unit 300, and is made of, for 



ex amp le , a t ran sp are nt 



conductive sheetj^r a metal mesji^ ^^ ^ ^ ^Jbfc? 



MVi th this construction, it is possible to solve/\ 
disadvantages offered by the light sources 35 driven by a 
high-frequency voltage. 

Incidentally, in this case, the reflector 36 of the 
backlight unit 30 0 may, of course, be formed of a metal 
material so that the reflector 36 can be given the function 
of the electromagnetic shield sheet 51 (agai nst) *t he light 
sources 35. 

In this embodiment, another diffusing sheet 52 is 
disposed on the side of the electromagnetic shield sheet 51 
that faces the liquid crystal display panel unit 400, an d 

A 
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realizes together with the diffusing sheet 50 a structure 
which can ma ke (un i fo riiT) th e irradiation of light onto the 
liquid crystal display panel unit 400 from the backlight unit 

Mh e reason for this is that, as described previously, 
each of the light sources 35 has plural electrodes spaced 
apart from one another along its longitudinal direction^and 
light irradiation is not effected in theportionsof these 
el ec t ro des(^ and), Fu rt he rmo r e, there exist I i nes which con nect 
the electrodes of each of the light sources 35 to the 
corresponding electrodes of the ad j ace n tjfon so that th is 
{fa cf) be com es {th e) ; cau se of slight^ (Tmp a i r in g)j t he un i fo rm i ty 



of a I i gh t irradiation. 

As shown in Fig. 13, the resin frame 500 is made of a 
metal material^and the electromagnetic shield sheet 51 is 
disposed in direct contact with the resin frame 500 , whereby 
the light sources 35 can be completely shielded. — ^ 



^Fo r similar purposes, the reflector 36 may be made of 
a metal material and the electromagnetic shield sheet 51 may 
be disposed in direct contact with the reflector 36. 
Embodiment 3 a ■ , I \ 

Figs. 14A to 14C are^views showing the constructions 
of different modifications of each of the light sources 35 
used in each of the ab o ve -de sc r ibe d embodiments. ) 

Fig. 14A is aviewshowingamodif ication simi lar to each 
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of the light sources 35 used in each of the above-described 

embodiments. In the light source shown in Fig. 1 4A^ the 

electrodes have ring-like shapes, and a discharge tube is 

inserted through these electrodes. Fig. 14a' is a cross- 

sectional view taken along line a -a of Fig. 14A. 

In the light source shown in Fig. each of the 

electrodes is formed on part of the circumference of the 

discharge tube. Evenwith this construction, the function 

of the light source 35 can be simi larly realized. Fig. 14b' 

A 

t f 

is a cr oss -s ect io nal view taken along line b -b of Fig. 1 4B. 

In the light source shown in Fig. 14C^ the electrodes 
have ri ng- I i ke sh ape s similarly to the case shown i n Fig. 14A, 
but a gap is formed betweeneachof the electrodes and the 
discharge tube. Evenwith this construction, the function 
of the light source 35 can be simi larly realized. Fig. 1 4C^ 

is a cr oss -s ect io nal view taken along line c' -c' of Fig. 1 4C. 

K A 

Embodiment 4 

Figs. 15A and 1 5B are views showing the construction of 
another embodiment of the liquid crystal display device 
ac co rdi ng to th e i nv en t io n. Speci f i ca My , F i gs. 1 5 A and 15B 
are a pi an view and a side view showing the back light un it 
30 0, re spe ct i ve ly . 

As shown in Figs. 15A and 15B, the portions of the 
el ec t ro d es 3 5d (1) an d 3 5d (3) d i spo sed a t th e o pp o s i t e en d s 
of each of the discharge tubes 35a provided in the backlight 
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un i t 30 0 a re be nt 




^St at ed in de tail), the opposi te end portions of each of 



the discharge tubes 35a in which the respective electrodes 
35 d ( 1 ) and 3 5 d ( 3) are formed are bent^(Tn the direct ion of 90 5) 
wi th re s pe ct to t h e ce n tr a I ax i s (or t h e ex t en di ng d i r ec t ion) 
of the discharge tube 35a, and all the bending directions are 
made coincident with the upward direct ion^as viewed in Fig. 
15A. 

Incidentally, each of the discharge tubes 35a has 
electrodes disposed not only at the opposite ends^but al so 
in the intermediate portion between the opposite ends^as 
described previously, but Figs. 15A and 1 5B show only the 
el ec t ro des 3 5d( 1) an d 3 5d (3) d i spo sed at the oppositeends 
and do not show any of the electrodes disposed in the 
intermediate portion. However, it goes without saying that 
th e i nv ent io n can a I so be ap pi i ed to a co ns t ru ct i on in wh ich 
the electrodes 35 d (1 ) and 35 d ( 3 ) are disposed at only the 
opposite ends of each of the discharge tubes 35a. 

Even if the bent portions are formed in part of the 
discharge tube 35a constructed in this manner, the bent 
portions do not impair the emission of the discharge tube 35a 
an d the di sc har ge tu be 35 a can emi t a s uf f i c ie nt amoun t o f 
light similarly to each of the discharge tubes 35a used in 
each of the a bo ve -de sc r i b e d embodiments. 

In^Embo d im en t 4, the area of each of the discharge tubes 
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35 a whi ch is occupied by the portion other than the porti ons 
bent at the opposite ends of the discharge tube 35a is used 
as an effective emission area. 

^Sp ec i f i cally, the display part other than theperiphery 
of the liquid crystal display pane I module 400 ((a_ri)je f f ec t i ve 
display area: an area corresponding to the outer outline of 
the aggregation of pixels) is disposed to coincide with the 
above-described effective emission area, whereby the 
electrodes 3 5 d ( 1) and 3 5d (3) of each of the discharge tubes 
35a disposed at the opposite ends thereof are positioned in 
an area outside the display pa rt of the liquid crystal di splay 
pa ne I modu le 40 0. 

Figs. 16A to 16C are [construction] views showing the 
positional relationship between the discharge tubes 35a 
disposed in this manner and the liquid crystal display panel 
mo du I e 400 . 

g. 16A, 16B and 16C are a plan view, a left side view 
and a bottom side view, respectively. 

In an area Q between the outline of the display part of 
the liquid crystal display panel module 400 and the outer 
ou 1 1 i ne of t he up per f r am e 800 , th e op pos i t e end s of eac h of 
the discharge tubes 35a at which the respective e lectrodes 
are disposed are positioned, and the opposite ends are bent 
with respect to the axial direction of each of the discharge 
tubes 35a, whereby the width of the area Q can be made smaller 

42 



than the length of each of the opposite ends. 

In the case of this embodiment, the bending direction 
of each of the opposite ends of each of the discharge tubes 
35 a is con ta i ne d in a p la ne pa ral I e I to t he liquid crystal 
display panel module 400, whereby it is possible to provide 
the advantage that it is not necessary to increase the 
depthwise thickness of the liquid crystal display device.— —j 

^Ac co r di ngl y, it is possible to decrease the area 
occupied by the picture frame (the area Q shown in Fig. 1 6A) 
of the liquid crystal display device without the need to 
increase the depthwise thickness of the liquid crystal 
di sp I ay de vi c e. 

It has been confirmed that the efficiency of emission 
of this kind of discharge tube 35a can be improved 
particularly by increasing the width of eachof the elect rodes 
35 d provided on the discharge tube 35a. 



^Fi g. 17 is a graph showing the relationship between 
electrodewidth and lamp cur re nt flowing in thedischarge tube 
35a. Fig. 17 shows lamp current (mArms) with respect to 
ap pi i ed vo 1 1 age (V rm s) fo r eac h of e le c tr od e w id t hs of 10 mm, 
20 mm and 40 mm, and it can be seen from Fig. 17 that as the 
electrode width is larger, a larger lamp current flows even 
in the case of the same applied voltage. 

In addition, as shown in Fig. 18, it can be seen that 
as the electrode width is made larger, the lamp current 
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becomes la rg e r i r r es pe c t i v e of , for examp le, the le ngt h o f 
the discharge tube (in Fig. 18, 100 mm, 200 mm and 300 mm). 

Ea ch of th e d is ch a rg e t ub es 35 a wh i ch cau se s a d i sc harge 
wh en a vol ta ge is ap pi i ed ca n be r ep re s en te d by t he eq ui valent 
ci rcuit shown in Fig. 19. In Fig. 19, symbol R denotes the 
re si s ta nee of the po si t iv e col umn of a di sc har ge po r ti on , and 
symbol Cd denotes the electrostatic capacity of glass 
(dielectric) interposed between the positive column and 
el ec t ro des . — 



M n this case, letting V1 be theappliedvoltage, a I amp 
current II is expressed by the fol lowing equation (1): 



As is apparent from this equation (1), if a larger 
current is to be supplied with a smaller voltage, the value 
of Cd of the electrode portion needs only to be increased' 
specifically, the width of each of the electrodes may be 
increased or the area in which the electrodes and the 
discharge tube are opposed to e ach o th e r ma y be i nc r ea se d. 

Therefore, in the case where the widths of the 
respective e I ec tr ode s 3 5d (1) and 3 5 d (3 ) are made large and 
the portions of the respective electrodes 35d(1) and 35d (3) 
of each of the discharge tubes 35a are positioned to be 




LAMP CURRENT II = 



V1 



(1 ) 
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superposed on the area other than the display part of the 
liquidcrystal display panel modul e 40 0, without theport ions 
of t hes e e le c tr od es 35 d (1 ) and 35d (3) bei ng be nt , the wi d th 
[oc cu p i e o f)^n^ar e a called a picture frame becomes extremely 
large, but by adopting the above-described construction, it 
is possible to narrow the width to a great extent. 

^ontraril^, in the case where the width of the area of 
the picture frame ne ed | not be narrowed, the length of each 
of the opposite ends of the discharge tube at which the 
respective electrodes are disposed can be made large by 
bending the opposite ends of the discharge tube, whereby the 
widths of the electrodes can be made large so that the 
efficiency of emission of the discharge tube can be increased 
to a great extent. 

Embodiment 5 fl 

Fig. 20 is a Tvi ew)^sh ow i ng another embodiment of the 
I i qu i d c rv st a I di spl ay de v ic e a ceo rding to the invention, (J>n3)/ 
corresponds to^Figs. 1 5A and 15^. 

The electrode 3 5d (3) disposed at one end of each of the 

discharge tubes 35a shown in Fig. 20 is bent in the upward 

A 

di re c t i on^ as (vj ew effj^i n Fig. 20^, wh i I e t he e I ec tr ode 35 d (1 ) 
disposed at the other end is bent in the downward direction, 
as (yj ew e3)^in Fig. 20. 



Mt goes without saying that even in this case, it is 
possible to obtain similar advantages. 
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Embodiment 6 

Fig. 21 is ay view showing another embodiment of the 
I i qu i d crystal display device a ceo r d in g t o t he i n ve n t i on , [and], 
corresponds to^Fig. 20^. 

Each of the discharge tubes 35a shown in Fig. 21 has a 
U-like shape with a tu r ni ng po r t io nf)} w her eb y^ w i t h a single 
discharge tube, it is possible to realize substantially the 
same effect as two discharge tubes 



^Th e electrodes 35 d (1 ) and 35d(3) disposed at the 
opposite ends of each of the discharge tubes 35a are 
positioned close to each other on one side, while the turning 
portion is positioned on the other side 



< ^Acco rdi ngl y, the electrodes 35 d CO and 35d(3) are 
disposedMo be superposed on one side in the periphery 
(p ic t ur e f rame) of the di spl ay par t, while the t u rn i ng po rt i on 
is disposedfvto be superposed on the other side in the periphery 
of the display part. Incidentally, it is a matter of course 
that^if an electrode is not disposed in the tu rn i ng po rt i on, 
the turning portion may also be disposed in the display part 
wi th out be in g sup e rp os ed on th e pe r i ph e ry of t he di spl a y part. 

In this case, each of the electrodes 35d(1) and 35d (3) 
is bent in the upward or downward direction as viewed in Fig. 
21, whereby it is possible tonarrow thewidth of theper iphery 
of the display part and reduce the area occupied by the 
so-called picture frame (denoted by Q in Fig. 21). 
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Embodiment 7 

Fig. 22 is a view showing another embodiment of the J( 
liquid crystal display device a ceo rding to the invention, (and)) 
corresponds tOjFig. 21^. 

Similarly to the case shown in Fig. 2 1 , (the) d i sc h ar ge 
tubes 35a each having a U-like shape with a turning portion 
ar e use d, bu t the en ti r e I en gt h of eac h of the d i sc har ge tube s 
35a is about half that of each of those shown in Fig 21. 

The discharge tubes 35a are disposed in the right-half 
and left-half areas of the backlight unit 3 00. 

<^7nt h is ca se , eac h of the disc harg e tu bes 3 5a is di s posed 
so that the turning portion is pos itioned in the middle of 
the backlight unit 300^ and the electrodes 3 5 d ( 1 ) and 3 5d (3) 
are positioned in the periphery of the display part. *~ — . 



^Each of the electrodes 35d(1) and 35d(3) is bent in the 
downward (or upward) direction as viewed in Fig. 22, whereby 
it is possible to narrow the width of the periphery of the 
di sp I ay pa rt an d r ed uc e t he ar ea o ccup i ed by t he so -c a 1 1 ed 
picture frame (denoted by Q in Fig. 22). 

In addition, in this case, it goes without saying that 
it is possible to obtain similar advantages even if the 
direction indicated by the bent portion of each of the 
electrodes 35d(1) and 35d (3) is toward the bottom of the 
backlight unit 30 0^ a s shown^in Fig. 2^. 



In this case, in each of the discharge tubes 35a which 
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are positioned in the area of the display part, the portions 
where the respective electrodes 35 d ( 1 ) and 3 5d (3 ) are 
disposedbecome portions which do not emit light. A ceo r d i ngly, 
these portions ar e (UJO lj bent j i n the direction of the bottom 
of the backlight unit 300 so that they can be hidden behind 
the I ig h t- em i tt in g portion of the same discharge tube 35a. 
Embodiment 8 

Fig. 24 is a/vi ew showing another embodiment of the ft 
I i qu id c ry st a I di spl ay de v ic e a ceo r d in g to t he i n ve n t i on , [and) A ' 
corresponds to A Fig. 21^. 

Each of the discharge tubes 35a shown in Fig. 24 is 
constructed as a rectangular ring-shaped tube, and the 
electrodes 3 5 d ( 1 ) and 35d (3) are respectively disposed in 
portions corresponding to the opposite ends of each of the 
di sc har ge tu bes 3 5a. 

The construction of each of the discharge tubes 35a is 
similar to a construction in which two discharge tubes are 
integrally f ormedQjand^ in this case, the portions where the 
respective electrodes 35d(1) and 3 5 d (3 ) are disposed become 
be nt po r ti on s with res pec t to the othe r portion. A ceo rd i ngly, 
these bent portions are positi oned ^ t o besuperposed on the 
periphery (non-display portion) of the display part, whereby 
the area occupied by the picture frame (the area denoted by 
Q in Fig. 24) can be narrowed. 

Fig. 25 sh ow s a far mo re i mp ro ved cons t ru ct i on i n wh ich 
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all the discharge tu be s a r e in t egr a I ly formed. ■ ' '4 

Embodiment 9 

Fig. 26 is a>view showing another embodiment of the * 
I i qu i d c ry st a I di spl ay de v ic e a ceo rd in g to the i nve n ti on , /jinffr 
corresponds to A Fig. 21^. Unlike the case shown in Fig. 21, 
the directions of individual bendi ngs of the portions where 
the respective electrodes are disposed are not limited to a 
pa r t i cu I ar d i re ct i on , and canbefreelydetermined. 

From thisfact, as shown in Fi e. 27, partoftheportions 
where the respective electrodes are disposed may be bent in _ - 

the direction of the bottom of the backlight unit 3 00^. 

Fig. 28 shows another construction having a similar 
f e at u re . 

Em bo d im ent 10 

In the above-described embodiments, the directions of 

bendings of the portions where the respective electrodes are 

o • 

disposed are 90^ or 180(1. However, it goes without saying 

A » © 

that evenwithin the range between 0| and 1 8 0 H , it is possible 

^ 

to obtain similar advantages. 

For example, Fig. 29 shows an embodiment in which the 
di re c ti ons of ben d in gs of th e port i ons wh er e t he re spe ct i ve 
electrodes are disposed a r e fma de) about 451 with respect to 
the axial direction (extending direction) of each of the 
discharge tubes 35a^ Even in this case, it is apparent that 
it is possible to narrow the width of the picture frame (the 
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# • 

ar ea de not ed by Q in Fig. 29 ) as c ompa red w i th the cas e i n 
which the portions where the respective electrodes are 
disposed are not at all bent. 
Em bo d im ent 11 

Fig. 30 is a )vi ew showing another embodiment of the a . 
I i qu i d c ry st a I di spl ay de v ic e a ceo rding to the invent! oy The 
embodiment shown in Fig. 30 differs fromtheotherembodi ments 
in that theportions of each of the discharge tubes 3 5a (of} 
where the respective electrodes 35 d ( 1 ) and 3 5d (3 ) are 
di sp ose d a re (ma de) he I i caiman d the e I ec t ro de s 3 5d (1) an d 3 5d (3) 
are a Is o [rn^ad e] hel i ca I according to the helical portions of 
each of the discharge tubes 35a. 

In this case, the lengths of the respective electrodes 
35 d ( 1 ) and 3 5 d ( 3) (the lengths along the axial direction of 
the discharge tube) that are formed at the opposite ends of 
each of the discharge tubes 35a can be increased to a great 
extent, and the portions where the respective electrodes 
35 d( 1 ) and 3 5 d ( 3) are disposed can be m ad e helical so that 
the width occupied by each of the portions can be reduced to 
a gr eat ex tent. 

Em bo d im ent 12 

In each of the ab ove -d esc r ib ed embodiments, the 
backlight unit is a so-called direct backlight and includes 
plural linear light sources 35 disposed on the back side of 
the liquid crystal display panel. 

50 




/v^-^owever, the backlight may, of course, be p rov id ed w i th 
a I i ght gu id e p la t e. 

Specifically, the liquid crystal display panel module 
400 may be of the type which includes a light guide plate 
disposed^to be opposed to at least the display part and a 
linear light sourcedisposed onat leastonesideof the light 
guide plate. In the liquid crystal display panel module 400 , 
af te r I i gh t f ro m t he I i gh t sou r ce has bee n g ui de d i n to the 
interior of the light guide pi at e, the light isirradiated 
from the surfaceof the light guide plat e^ which isopposed 
to the liquid crystal display panel. 

In this case, the discharge tube 35a shown in Fig. 5 is 
used as the light source, and as shown in Fig. 31, the opposite 
end portions of the discharge tube 35a where the respective 
electrodes 3 5 d ( 1 ) and 35d (3) are disposed are bent, and the 
respective bent portions are disposed in parallel with and 
in proximity to the side surfaces of a light guide plate IL 
perpendicular to one side surfaceof the light guide plate 
IL (the surface of the light guide plate IL that is located 
on the side where the discharge tube 35a is disposed). 

According to this construction, the discharge tube 35a 
disposed on one side of the light guide plate IL (enabl esj^ the 
electrodes 35d(1) and 35d(3) provided in the opposite end 
portions (portions which do not irradiate light) to be 
positioned externally of the one side, whereby a f a r Qhor e^^^ 3 ^ 
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amount of light can be guided into the interior of the light 
gu id e p I at e I L. 

In addition, si nc e the po r t i on s of the el ec t ro de s 3 5 d (1 ) 
an d 3 5d (3) are re spe ct i ve I y be n t in th e opp osi te en d port ions 
of the d is ch arge t ub e 3 5a , the re is th e adv an tage t hat the 
width of the picture frame (the area denoted by Q in Fig. 31) 
on each of the sides of the light guide plate IL perpendicular 
to the discharge tube 35a can be made narrow compared to the 
case where the portions of the electrodes 35d(1) and 35d (3) 
are extended along the extending direction of the discharge 
tube 35a. 

In the case of this embodiment, since the opposi t e-e nd 
el ec t ro de po r t i on s of t he di sc harg e tu be 35 a a re {90 iljben tjwi th 
re sp ect to t he ex t en di ng d i r ec t ion of t he d i sc ha r ge tu be 35a , 
the width of the picture frame on each of the sides of the 
light guide plate IL perpendicular to the discharge tube 35a 
can also be[made^a value app ro x ima t e ly eq ua I to the diameter 
of each of the electrodes 35 d ( 1 ) and 35d(3). 

Em bo d im ent 13 

Fig. 32 is a Jlvi ew showing another embodiment of the . 
I i qu i d c ry st a I di spl ay de v ic e a ceo rd in g to the i nve n t i on , (and)^ 
corresponds to^Fig. 31^. 

The embodiment shown in Fig. 32 is the same as the case 
shown in Fig. 31 in that the opposite end portions of the 
discharge tube 35 aw he re the re spe ctive electrodes 3 5d(1) and 
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3 5 d ( 3 ) are disposed are bent, but in the embodiment shown in 

Fig. 32, such opposite end portions are bent at an angle of 

P 

18 00 on th e s id e of th e d i sc ha rge tube 35 a oppos i te to the 
A 

light guide plate IL. 

As is apparent from Fig. 32, the opposite end portions 
of the discharge tube 35a^ where the respective electrodes 
35 d ( 1 ) and 3 5 d ( 3) are disposed^are opposed to one side of the 
light guide plate IL, but this construction does not 
particularly become a problem, because the electrodes 35 d CO 
an d 3 5d (3) arehiddenbehind theportionof the disc ha rge tube 
35a where the electrodes 3 5d (1 ) and 35 d (3 ) are not disposed. 

Em bo d im ent 14 

Fig. 33 is a view showing another embodiment of the . 
liquid crystal display device a ceo r d i n g to t he i nve n t i on , (and^ 
corresponds to^Fig. 32j. 

The embodiment shown in Fig. 33 differs from the 

construction shown in Fig. 32 in that the opposite end 

portions of the discharge tube 35a where the respective 

electrodes 3 5 d ( 1 ) and 3 5d (3) are disposed are bent at an angle 
o 

of 180jl in thedirectionof thebottom of the light guide plate 
IL (toward the bottom of the backl ight unit 30 0). 
Em bo d im ent 15 

In each of the ab ove -d esc r ib ed embodiments, the 
discharge tube 35a has a cyl indrical shape which is the same 
in diameter fromlts center to eac h of its opp os i te en ds , and^ 
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ha s (f he)K st ru c tu re in which the opposite end portions of the 
discharge tube 35 a^whe r e the r espe ctive electrodes 3 5d (1 ) and 
35 d ( 3) are disposed^are bent^j-^ 

^ln this case, the lengths of the respective electrodes 
35d(1) and 3 5 d ( 3) (the lengths along the axial direction of 
the discharge tube 35) can be increased without the need to 
prepare a large space for the portions where the respective 
electrodes 35d(1) and 35d (3) are disposed, whereby it is 
possible to improve the efficiency of emission of the 
di sc har ge tu be 35 a. 

A 

However, as shown in Fig. 34^, if the radius r of each 
of the opposite end portions of the discharge tube 35a where 
the electrodes 35 d (1 ) and 3 5 d ( 3 ) are disposed is made larger 
than the radius of the other portion of the discharge tube 
35a (without the need to change the wall thickness of the 
discharge tube 35a), it is possible to improve the effici ency 
of emission of the discharge tube 35a. This is because the 
ar ea of th e por t i on of ea ch of the e I ec t r od es 35 d (1 ) and 35d(3) 
that is opposed to the glass tube can be made large^to enlarge A 
electrostatic capacity. , 

Ac co rdi ngl y, by [rnaki ng fu I ly I argent he diameter of each 
of the opposite end portions of the discharge tube 35a where 
the respective electrodes 35 d ( 1 ) and 3 5 d ( 3) are disposed, it 
is possible to reduce the lengths of the respective elect rodes 
35 d ( 1 ) and 3 5 d ( 3) (the lengths along the axial direction of 
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th e d is cha rg e t ub e 3 5). 



Th is (fa c Tjme ans that if the op posi t e en d po r ti on s of the 
discharge tube 35 aw he re the r espe ctive electrodes 3 5d(1) and 
35 d ( 3 ) are disposed are positioned outside the display area 
as s how n in Fig. 35, t h e a re a occu p i ed by t he so -c a I le d p i cture 
frame (the area denoted by Q in Fig. 35) can be reduced. 

Inci den tally, the embodiment shown i n F i g. 3 5 is ap p I i ed 
to the so-called direct backlight type of backlight unit 300 , 
but it goes without saying that the invention can also be 
applied to a backlight using the light guide plate IL. This 
feature also applies to embodiments which will be described 

below - ^ &~~t~n Jf^*^3i-i 

Fig. 36 is a^view corresponding to/y Fig. 3^. The 
el ec t ro des 3 5d( 1) an d 3 5d (3) p r ovi ded at th e opposi te en ds 
of each of the di scharge tubes 35a have shapes formed to extend 
to the respective end surfaces of each of the discharge tubes 
35a. In other words, the respective electrodes 35d (1) and 
35 d ( 3 ) are formed to cover the end surfaces of each of the 
discharge tubes 35a, whereby the area of each of the 
electrodes 3 5 d ( 1 ) and 3 5d (3) that is opposed to the discharge 
tube 35a can be made large. 

In this case, it is possible to make(?ar sm a 1 1 eTj the 
lengths of the respective electrodes (the lengths along the 
axial directions of the discharge tube^. 

Em bo d im e nt 16 
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Figs. 37 and 38 are views showing further improvements 
in Embodiment 15, [an d)j cor r es po nd to^Figs. 35 and 36, 
re sp ect i ve ly . 

In this case, the opposite end portions of each of the 
discharge tubes 35a where the respective el ectrodes 35d(1) 
and 35d(3) are disposed have cubic shapes, respectively, and 
the length of one side of each of the cubic portions is formed 
to be larger than the diameter of the other portion of the 
discharge tube 35a. Incidentally, the detailed construction 
of one of these portions is shown in^Fig. 39A. 



Mn this case as well, it is possible to obtain similar 
advantages to those of Embodiment 15. 

Incidentally, as shown in Fig. 39B by way of example, 
[Tu ch) a d is ch a rg e t ub e h av i ng the a bo ve -d esc r i b ed sh ape can 
easily be formed by independently forming portions 
corresponding to the opposite end portions of the discharge 
tube 35a and the other portion of the discharge tube 35a and 
then fusing the portions to the other portion. 
dm bo d im ent 17 

Fig. 40 is a view showing a further improvement in 
Em bo d im ent s 15 an d 1 6^and^(sh ow i ng pa rt i cu la r ly) a cr oss section 
of one of the opposite end portions of one discharge tube 35a 
where the respective electrodes 3 5 d ( 1 ) and 35d(3) are 
di sp ose d . 

The outer diameter of the disc harg e tube 35 a is uniform 
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along the axis direction thereof, but the inner diameter of 
the discharge tube 35a is made larger in the opposite end 
po rt i on SjWhe re th e r es pec t i v e e lec t rod es 35 d (1 ) a nd 35 d( 3) 
are disposed, than in the other portion of the discharge tube 
35a. In other words, the wall thi ckness of the discharge tube 
35a is made thin in the opposite end portions where the 
respective electrodes 35d (1) and35d(3) are disposed.-^ 
Mn this case as well, it is possible to obtain similar 
advantages to those of Embodiments 15 and 16. 

Incidentally, it goes without saying t h at ^ if 
Embodiments 15 to 17 are applied to a construction in-which 
the portions of the electrodes are bent, it is possible to 



Em bo d im e nt 18 

Fig. 41 shows a construction in which at least one 
discharge tube35a togetherwi th its electrodes 3 5d(1) and 
35 d ( 3 ) is disposed in the effective emission area of the 
back light un i t 30 0. 



Mn other words, there a re other discharge tubes 35a each 
of which is positioned with either of the electrodes 35d (1) 
or 3 5 d C 3) superposed on the picture frame (the area denoted 
by Q in Fi g. 41 ). 

In this case, some of the electrodes are positioned in 
the effective emission area, but since at least these 



ob ta i n [Tar m o re^a d va nt age . 




e I ec t ro d es are 



(T80T)bent^toward the bottom of the backlight 
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unit 30 0, disadvantages due to the electrodes disposed in the 
effective emission area are so I ved . 

In addition, Em bo d im en t 1 8 has the a dv ant age tha t s i nee 
a pi u ra I i t y of sh o rt d i sc har ge tub es are ar r an ge d in t he axial 
direction, the backlightunit 3 00 can copewith far larger 
picture screens. In this case, since the individual discharge 
tubes are short, their discharge starting voltage and 
discharge voltage can be suppressed. 

At present, in the case of a picture screen of, for 

example, 18 inches or less, if only one discharge tube is 

disposed in the axial direction thereof, the discharge tube 

can ful ly cover the display area of the picture screen in that 

di rection, but in the case of a large picture screen exceeding 

18 inches, it is extremely effective to array a plurality of 

discharge tubes in the axial direction thereof* 

A 

As is apparent from the foregoing description, (J^nJ 
(ac co rda nce^ w i th the liquid crystal display device according 
to the invention, it is possible to achieve [th^Al en gth en i ng 
of the life of the liquid crystal display device. 

In addition, (Tn ac co rd anc w i t h the liquid crystal 
display device according to the invention, it is possible to 
narrow(aji area called a^picture frame>(the area between the 
outline of the outer frame of the liquid crystal display 
device and the outline of the display area thereof). 



58 




REWRITTEN MARKED UP COPY 
ABSTRACT OF THE DISCLOSURE 

There is provided a liquid crystal display device which can be length e n e d in having a 
longer useful life and in which the a r ea of its so-called picture frame area can be narrowed. The 
liquid crystal display device includes a liquid crystal display panel having a display part in its 
central portion exc e pt its pe r iphe r y; and a backlight disposed on a back side of the liquid crystal 
display panel. The backlight includes a discharge tube having electrodes -at at least at its opposite 
ends, and the electrodes are disposed at the exterior of the discharge tube. The opposite end 
portions of the discharge tube where the respective electrodes are disposed are positioned to be 
superposed on the periphery of the liquid crystal display paneh and are bent with an angle with 
respect to the central axis of the discharge tube. 
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